ABSTRACT: Background: Acute hydrocephalus is a potentially treatable cause of early neurological deterioration after aneurysmal subarachnoid hemorrhage ( §AH). Methods: A retrospective study of 105 consecutive cases of aneurysmal SAH was undertaken to determine those factors significantly related to the development of acute hydrocephalus. Acute hydrocephalus was diagnosed when the bicaudate index was greater than the 95 ,h percentile for age on a CT scan within 72 hours of the ictus.
Recognition and treatment of acute hydrocephalus in the early stages following aneurysmal subarachnoid hemorrhage (SAH), has become a valuable peri-operative strategy. 1 The incidence (9-67%) of acute hydrocephalus varies depending on the population studied and the definition used. 29 Most studies, including the Cooperative study, 4 have placed this incidence between 15 and 20%.
The mechanism of acute hydrocephalus may be related to decreased absorption of cerebrospinal fluid (CSF) Clots in the subarachnoid space resorb more slowly than in other parts of the body. Injection of intracisternal heparinized blood in monkeys revealed normal CSF outflow, whereas nonheparinized blood was associated with increased outflow resistance of CSF flow. This has suggested that fibrin deposition plays a role in reduction of CSF flow and absorption. " Bagley related meningeal thickening caused by subarachnoid hemorrhage to the development of acute hydrocephalus. 12 In a series of 42 patients, radioisotope cisternography revealed impairment of CSF flow that correlated well with deterioration in neurological status. In this study, however, assays of erythrocytes in the CSF did not correlate with disturbances of CSF flow. The following study promoted the hypothesis that fibrin, rather than erythrocytes, may be responsible for obstruction at the arachnoid villi. 13 The pathogenesis of hydrocephalus following SAH has been recently reviewed by Marcuso and Wenstein. 14 We defined acute hydrocephalus radiolographically as a bicaudate index above the 95th percentile for age on the CT scan within 72 hrs of the ictus. We studied the relationship between acute hydrocephalus and the following factors: age, sex, grade of SAH, site of aneurysm, intraventricular (IV) blood, intracisternal (IC) blood, pre-morbid hypertension, and the performance of perioperative cerebrospinal fluid (CSF) diversion (external ventricular drainage (EVD), or lumbar drainage) and post-operative ventriculo-peritoneal (VP) shunt).
METHODS
We reviewed the medical records of 105 consecutive patients with aneurysmal SAH who presented to our institution within 72 hours of their ictus, between July, 1989, and December, 1993.
All patients had clinical evidence of SAH and underwent computerized axial tomography (CT) within 72 hrs of their hemorrhage. Scans were analysed for the width of the frontal horns at the level of the caudate nuclei and this value was divided by the diameter of the brain at the same level. For each patient the resulting bicaudate index was then compared to the upper normal (95 ,h percentile) limits matched for age (< 36 yrs = 0.16; 36-45 yrs = 0.17; 46-55 yrs = 0.18; 56-65 yrs = 0.19; 66-75 yrs = 0.20; 76-85 yrs = 0.21). 6 The technique for determining the bicaudate index is illustrated in Figures 1 and 2 .
For inclusion in this study, all patients had to have radiological signs of SAH. 101 patients had angiography which demonstrated the ruptured aneurysm. Four patients with grade V SAH did not have angiography but were included in the study as the distribution of blood on the CT scan was typical for an aneurysmal rupture. This avoided selection bias against those with grade V SAH in which conservative treatment was undertaken and angiography not performed.
The CT scans were then reviewed (V.M., S.W.) and the grading system of Van Gijn et al., 15 was employed to grade hydrocephalus as well as intraventricular (IV) and cisternal blood. IV blood was graded out of a total score of 12 with each of the four ventricles assigned a score of 0 to 3 depending on whether there was no blood, sedimentation of blood, the ventricle was partially full of blood, or the ventricle was full of blood. The cisterns were graded from 0 to 3 with a score assigned to ten cisterns to give a potential score of 30 (lateral Sylvian fissures, basal Sylvian fissures, suprasellar cisterns, ambient cisterns, interhemispheric fissure and the quadrageminal plate cistern) (Figures 3-5) .
LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES
The patients were graded based on the Hunt-Hess scale for SAH. 16 The age, sex, site of aneurysm, and presence of premorbid hypertension were noted. Note was also made of those who had CSF drainage preoperatively, and those who eventually required post-operative shunting. No patients received antifibrinolytic agents.
Those patients who received external ventricular drainage as the method of pre-operative CSF diversion, had the drains placed at 10-15 cm above the external auditory meatus. The drains were placed in the open position and CSF flow was generally at 10 cc/hr. The level of drain was not placed any lower than 10 cm due to the concern of altering the transmural pressure on the aneurysm. Most drains were placed at 15 cm above the external auditory meatus; if sufficient drainage of CSF occurred and the clinical status improved the level of the drain was not adjusted.
Each identified variable (age, sex, grade of SAH, site of aneurysm, premorbid hypertension, IV blood, IC blood, preoperative/perioperative CSF diversion, post-operative VP shunt) was subjected to a Chi Square analysis for the presence of acute hydrocephalus. Those variables identified as significant (p < 0.05) were then combined and subjected to a multivariate regression model (Systaf v 5.0 Systat Inc) to determine the best overall model for prediction of the development of acute hydrocephalus from the data available. Forward step-wise regression with alpha to enter and alpha to remove of 0.15 was used. Thirty-one percent of the patients who fulfilled our entry requirements for the study had evidence of acute hydrocephalus (32/105). The demographics of the total patient population summarized in Table 1 .
YES
Results of the univariate analysis are shown in Table 2 . Of the variables examined, grade of SAH, site (anterior versus posterior circulation), intraventricular blood, premorbid hypertension, pre-operative drainage and post-operative ventriculoperitoneal shunt were significantly associated with acute hydrocephalus. The results of the multivariate regression analysis are given in Table 3 . Those factors found to be significant on multivariate analysis were: the presence of intraventricular blood, premorbid hypertension, preoperative/perioperative CSF drainage (EVD) and subsequent ventriculo-peritoneal shunting. DISCUSSION The incidence of acute hydrocephalus in this series was 31 %, slightly higher than previously reported. 3 ' 6 1 5 Unlike the Cooperative study 4 we found no statistically significant relationship between age and acute hydrocephalus. It has been proposed that in the older population the ventricles are already larger and less force is required to enlarge them further. The elderly subject may also have decreased CSF absorption secondary to meningeal fibrosis along the parasagittal portions of the cortex. 17 Our review included only twenty-seven patients age sixtysix or older, and it is possible that our numbers were too small to show age as a significant factor. We found no relationship between gender and acute hydrocephalus.
The relationship between grade of hemorrhage and acute hydrocephalus was significant on univariate testing but not on multivariate analysis. The former is in keeping with clinical experience as the link between acute hydrocephalus and decreased level of consciousness is well established. 315 Grade of SAH is associated with other factors such as intraventricular blood which directly contributes to the development of acute hydrocephalus.
Internal carotid, middle cerebral and posterior circulation artery aneurysms have been reported to be more often associated with the development of acute hydrocephalus. 3 ' 418 In our review the precise site of aneurysmal rupture was not related to acute hydrocephalus. However, when aneurysmal site was divided into anterior versus posterior circulation, posterior circulation aneurysms were significantly associated with the development of acute hydrocephalus. We did not examine the relationship of aneurysm site to the presenting blood pressure on admission (we did review premorbid hypertension). The Cooperative Study 4 found that anterior communicating artery aneurysms and posterior circulation aneurysms were associated with higher presenting blood pressures. A ruptured anterior communicating artery aneurysm may cause sympathetic discharge from the hypothalamus whereas bleeding from posterior circulation aneurysms may obstruct CSF to cause 4th ventricular enlargement and pressure on the medulla. 4 A history of premorbid hypertension was found statistically significant on both univariate and multivariate analysis when related to acute hydrocephalus. This was also found in the Cooperative Study. 4 The development of hydrocephalus has been described in hypertensive rats by Ritter and Dinh, 19 and the incidence of normal pressure hydrocephalus has been found to be increased in hypertensives. 20 The occurrence of intraventricular blood has been shown to be associated with hydrocephalus and significant mortality. We found the presence of intraventricular blood to be significantly associated with acute hydrocephalus. There was no significant relationship however between hydrocephalus and intracisternal blood. There is evidence to support and refute the relationship of cisternal blood to the development of acute hydrocephalus. 315 Hasan et al., 3 confirmed in the absence of ventricular blood, acute hydrocephalus was associated with a slightly higher amount of cisternal blood. In their series, 53% of 59 patients with acute hydrocephalus did not have ventricular blood and in this group the development of acute hydrocephalus was associated with the presence of blood in both ambient cisterns. We analyzed only the total extent of intracisternal blood and did not pay particular attention to whether or not cisternal blood was thicker in the ambient versus other cisterns.
CSF diversion, particularly external ventricular drainage (EVD) is used to combat acute hydrocephalus. Ten of twentyseven (10/27-37%) survivors with acute hydrocephalus in this series had improvement of grade with EVD. None of these, or any other patients who had CSF diversion, suffered rebleeding. The concern over drainage procedures in this population relates to the alteration of transmural pressure in the aneurysm which may cause rebleeding. 2223 A number of studies have identified this occurrence in up to 43% of patients. 6 Pare et al. reviewed 128 patients with SAH and found that the incidence of rebleeding was higher in those who had ventricular drainage, poor clinical grade and large aneurysm size. 24 It has been postulated that those with radiographically defined hydrocephalus have a higher intracranial pressure and drainage in this group creates a greater increase in pressure across the aneurysm, and may lead to rerupture. Auer, et al. 25 noticed a surprising lack of correlation between the extent of SAH and the level of intracranial pressure. We continue to use external ventricular drainage in those patients with poor clinical grade and acute hydrocephalus with favourable results.
Of our 27 survivors who presented with acute hydrocephalus, 8 (29%) eventually required ventriculoperitoneal shunts. Six of these patients were shunted within 4-14 days of their initial SAH and 2 were shunted weeks to months later, having developed delayed onset hydrocephalus. Patients with excessive drainage through external ventricular drains postoperatively either went for shunting procedures or had their drain clamped. Those who changed clinically after clamping, or whose mean intracranial pressure rose consistently above 15 mm Hg, underwent shunting. Auer, et al. 25 noted that there was no correlation between the amount of drainage through the external ventricular drain and the dependency of VP shunts in the postoperative aneurysm patient. In our experience, patients who required a ventriculoperitoneal shunt in the postoperative period had a significant incidence of acute hydrocephalus after their SAH.
In conclusion, we have shown in this retrospective analysis of 105 patients that the incidence of acute hydrocephalus following aneurysmal SAH was 31%. Premorbid hypertension, intraventricular blood, CSF diversion and VP shunt were factors significantly related to acute hydrocephalus on multivariate analysis. Grade of SAH was significant on univariate testing but not on multivariate testing. In addition posterior circulation aneurysms were more often associated with acute hydrocephalus. We have not experienced any complications from preoperative external ventricular drainage for acute hydrocephalus. Those patients whose grade improves with external ventricular drainage are expedited to cerebral angiography and operative intervention.
